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Objectives . The aim of this study was to examine the depen-
dence of the ischemic threshold during exercise testing on the
exercise protocol employed and to determine the relation between
the ischenmic thresholds observed during exercise and during daily
activity .
Background. The ischenmic threshold (heart rate at Wont ST
segment depression) daring daily activity has been reported go he
lower than that observed during exercise testing . Recent reports
have hypothesized that this difference is probably dependent on
the exercise protocol employed .
Methods . Twenty-two patients with known coronary artery
disease, not receiving antianginal medications, were evaluated by
repeated exercise testing according to the Bruce and the modified
Davidson protocols and by 41h ambulatory electrocardiographic
monitoring .
Results . Although the heart rate at 1-mm ST segment depres-
Exercise testing and ambulatory electrocardiographic (ECG)
monitoring are commonly used to detect and evaluate isch-
emia in patients with suspected or proved coronary artery
disease (1-8) . One main objective in using these procedures
in such evaluation is to estimate the severity of ischemia for
therapeutic and prognostic purposes (9-12). Ambulatory
ischemia has been shown to be more prevalent in patients
who exhibit exercise-induced ischemia at low versus higher
work loads (9,13,14) . However, among patients who exhibit
ischemia on both exercise testing and ambulatory ECG
monitoring, most indexes of ischemia oaf the two tests
correlate weakly, except for heart rate at the onset of
ischemia (15) . This ischemic variable on Bruce protocol
exercise testing has been shown to have a significant corre-
lation with that on ambulatory monitoring, yet it has been
consistently higher during exercise than during ambulatory
ischemia .
Recent reports (16-18) have hypothesized that this differ-
ence in ischemic heart rate between exercise testing and
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sion was somewhat lower with the Davidson than with the Bruce
protocol (112 ± 14 vs . 115 ±
"
licaLsimin), the rate-pressure
product at 1-mm ST segment depression was similar during the
two protocols (16,900 ± 4,000 vs . 17,700 ± 3,600). The mean
heart rate (100 + 12 beats/min) at ]-aim ST segment depression
during ambulatory ischenmic episodes (n = 137) was significantly
lower than that observed during both exercise protocols (p <
0.001 for both comparisons) .
Conclusions . Exercise-induced ischemia occurs at a relatively
taxed threshold that is mainly dependent on myocardial oxygen
demand and is in&penderil of the exercise protocol employed .
ischenmic on ambulatory monitoring, however, occurs at a much
more variable thres-holl !I- .-t is commorfly
lower
than that ob-
served during exercise and is therefore dependent on other factors
in addition to increased demand .
(J Am Coll Cardiol 1993,22 .-671-7)
ambulatory ECG monitoring is probably dependent on the
exercise protocol and that the ischemic threshold observed
may be lower during a gradually increasing work load
protocol than during a more abruptly increasing work load
protocol . However, others (19-24) have reported different
findings .
The purpose of this study was to examine the dependence
of the ischemic threshold during exercise on the exercise
protocol used and to determine the relation between the
exercise and the ambulatory ischemic thresholds in patients
with stable coronary artery disease who have ischemic
changes on both tests .
Methods
Study patients . Twenty-two patients with known coro-
nary artery disease, positive findings on an exercise test and
a2 ischemic episodes during 24 h of ambulatory ECG
monitoring were suidied while they were receiving no anti-
anginal medications . There were 19 men and 3 women, 44 to
77 years old (mean 63 ± 8) . The diagnosis of coronary artery
disease was established according to one or more of the
following criteria: I) angiographic findings of significant
coronary disease (>70% stenosis in at least one major
coronary artery) in 16 patients, 2) previous myocardial
infarction in 5, 3) and typical effort-induced angina in 17 . TEe
0735-1097/93/56 .00
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six patients who did not have angiographic documentation of
coronary disease had scintigraphic exercise-induced revers-
ible thallium-201 defects . Patients were excluded if their
baseline ECG at rest exhibited ST-T wave changes or
conduction abnormalities .
Study design . All patients performed two
exercise tests
according to the standard Bruce protocol and two exercise
tests according to a modified Davidson protocol (25) and
underwent 48-h ambulatory
ECG recording within 7 days .
All oral antianginal medications were withdrawn >48 h
before the study period, and only sublingual nitroglycerin
was allowed . The four exercise tests were performed during
the late morning hours by all patients . Treadmill testing
according to the Davidson protocol was performed twice, on
the 1st and 5th days of the week, and Bruce protocol
exercise testing was performed twice, on the 2nd and 6th
days of the week, Forty-eight-hour ambulatory ECG re-
cording was performed on the 3rd and 4th days of the week
.
The study protocol was approved by the Institutional Com-
mittee on Human Research . Patients' personal physicians
gave their consent to stop all oral antianginal medications for
the study period, and all patients gave informed consent to
participate in the study .
Exercise testing . Treadmill testing was performed on a
Quinton 3000 treadmill system . The modified Davidson
protocol consisted of successive 2-min stages with a con-
stant treadmill speed of 2 miles/h and a treadmill grade that
started at 0%u and increased by 3 .5% at every stage . Leads
aVF, V 3 and V s were continuously monitored and recorded
every 15 s, and blood pressure was measured every minute
using an electronic sphygmomanometer . A 12-lead ECG was
recorded every 30 s to accurately detect the exercise time
and heart rate at 1-mm ST segment depression . During the
recovery period, a 12-lead ECG and blood pressure were
recorded every minute for at least 7 min or until ischemic
ECG changes disappeared . Patients were instructed to exer-
cise until limited by severe chest pain, dyspnea or fatigue . In
addition, exercise was stopped if ST depression was >3 mm,
there was a 2t20-mm Hg decrease in systolic blood pressure
or the age-adjusted maximal predicted heart rate was
achieved . The exercise test was judged positive for ischemia
if > 1 mm of horizontal or down sloping ST depression,
measured 80 ms after the J point, was observed in at least
two ECG leads . The following exercise variables were
recorded in each patient : 1) the total duration of exercise ;
2) the time, heart rate, systolic blood pressure and rate-
pressure product at 1-mm ST depression ; 3) the heart rate,
blood pressure and rate- r°essure product at peak exercise-,
4) the maximal transient ST depression in any ECG lead ; and
5) the presence or absence of typical chest pain . The heart
rate at 1-mm ST segment depression was independently
determined by three observers who were aware of the
exercise protocol . Differences in interpretation were re-
solved by consensus calls .
Amb - tart' eiccht phic monitoring. Ambula-
tory ECG monitoring was performed for 48 h using the ACS
reel to reel two-channel A M recorders calibrated to 10 mm/
1 mV and equipped with an event button. Silver-silver
chloride skin electrodes were attached to the chest wall with
the exploring electrodes in the V 3-like and V 5 -like positions
(26) . The CardioData Prodigy system, combined with a PDP
11/73 computer was used for the digitization and analysis of
the Holter tapes . Holter data were analyzed by a highly
experienced technician using a validated computer algorithm
(version 7 .10) for ST segment analysis (27) . The ST analysis
was performed in both channels in a semiautomatic interac-
tive method. Electrocardiographic samples were printed out
in real time and visually verified by a physician who also
reviewed the corresponding heart rate and ST trend histo-
grams . An ischemic episode was defined as a transient of
2:1 mm, horizontal or downsioping depression of the ST
segment lasting for > I min before returning to baseline . The
following Holter ischemic variables were recorded
for 48 in each patient : 1) the number of ischemic episodes ;
2) the total duration of ischemia ; 3) the maximal ST depres-
sion observed in any channel ; 4) and the minimal, maximal
and average heart rate at 1-mm ST depression .
Statistical analysis . Reproducibility of exercise test re-
sults by exercise protocol was determined by the Pearson
product-moment correlation coefficient . The results of the
two exercise protocols were compared using a two-factor
repeated measures analysis of variance model . The two
factors were exercise protocol and the day sequence of the
test (nested within protocol) . Heart rate increments during
exercise by exercise protocol were compared using a similar
model. The average heart rate at 1-mm ST depression,
observed during each of the two exercise protocols, was
compared with the average heart rate at 1-mm ST depression
during ambulatory monitoring using the paired Student t
test . A two-tailed p value < 0 .05 was considered statistically
significant .
Results
Reproducibility of exercise test results . The results of the
two exercise tests performed according to each exercise
protocol are presented in Tables I and 2 for the modified
Davidson protocol and the Bruce protocol, respectively .
Only total exercise duration and the time to 1-nom ST
segment depression differed significantly between the first
and second tests performed according to the Davidson
protocol (Table 1) . Exercise duration was longer during the
second than during the first (12 ± 4 .8 vs . 10.7 ± 4.5 min,
respectively, p = 0 .023), and the time to 1-mm ST segment
depression was also longer (8 .8 ± 4.6 vs . 7.7 ± 4 .9 min,
respectively, p = 0 .018). During the two Bruce protocol
exercise tests, only the time to 1-mm ST segment depression
differed significantly between tests (Table 2) ; this variable
was more prolonged during the second than during the first
test (5 .1 ± 2.5 vs . 4.5 - 2.2 min, respectively, p = 0 .021) .
The reproducibility of six exercise ischemic variables by
exercise protocol is outlined in Table 3 . All ischemic vari-
JACC Vol . 22, No . 3
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Table 1 . Comparison of Two Exercise Tests Performed by 22
Patients 4 Days Apart Using the Davidson Protocol
Ip
= 0
.023, tp = 0
.018 comparing the two tests . Data are expressed as
mean value ± SD. MPHR = maximal predicted heart rate ; RPP = rate-
pressure product ; SBP ~ systolic blood pressure ; STJ = ST segment
depression
.
ables had moderately high (>0 .61) correlation coefficients,
whereas the most reproducible ischemic variable during both
exercise protocols was the time to I-mm ST segment depres-
sion (r = 0 .91, r = 0.87 for the Davidson and the Bruce
protocol, respectively) . The heart rate at1-mm ST segment
depression had a high coefficient for both protocols (r > 0.8),
as did the rate-pressure product at 1-trim ST segment depres-
sion (r > 0 .77) . Overall, the r values for the six ischemic
variables were similar for both protocols .
Comparison of exercise test results by exercise protocol .
Because of the overall high reproducibility of ischemic
variables for both exercise protocols, the results of the two
protocols were first compared after averaging the results of
the two tests performed according to each protocol (Table
4). Patients exercised for a longer period during the David-
Table 2. Comparison of Two Exercise Tests Performed by 22
Patients 4 Days Apart Using the Bruce Protocol
Exercise Test
*p = 0 .021 comparing the two tests . Data are expressed as mean value
SD. Abbreviations as in Table 1 .
Table 3. Reproducibility Comparison of lschemic Variables in the
Two Exercise Protocols
Abbreviations as in Table 1 .
son than during the Bruce protocol exercise test (1 1 .4 ± 4.5
vs . 7 .3 ± 2.1 min, respectively) and exhibited 1-mm ST
segment depression later during exercise (8 .3 ± 4 .7 vs . 4 .8 ±
2.3 min, respectively) . The maximal heart rate achieved
during exercise was higher in both absolute and relative
terms during the Bruce than during the Davidson protocol,
as was the maximal rate-pressure product (22,OW ± 4,5K
vs . 19,900 ± 4,800 mm Hg x beats/min, respectively),
whereas the maximal systolic blood pressure achieved was
similar during both protocols . However, although the heart
rate at 1-mm ST segment depression was somewhat higher
during the Bruce than during the Davidson protocol (115 ±
14 vs . 112 ± 14 beats/min, respectively), the rate-pressure
product at I-mm ST segment depression daring both proto-
cols was similar (17,N) ± 3,600 vs . 16,900 ± 4,000 mm Hg
x beats/min, respectively) . Repeated measures analysis of
variance using exercise protocol and the day sequence of the
test (nested within protocol) as factors revealed protocol-
related significant differences (p = 0 .0036) in the heart rate at
I-mm ST segment depression after adjustment for the day
sequence of the test (p = 0 .74) and its interaction with the
exercise protocol (p = 0 .06) . However, a similar model that
was constructed for the ischemic rate-pressure product did
Table 4 . Comparison of Exercise Testing Results by Exercise
Protocol in 22 Patients
BENHOPJN ET AL
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Exercise Protocol
Values are expressed as mean value ± SD
. Abbreviations as in Table 1
.
Ischernic Variable
Davidsoij
Protocol
Bruce
Protocol
Exercise duration 0.86
178
Maximal ST J
0.74
0,80
Time to 1-mm ST
1 0.91 0.87
Heart rate at 1-mm ST I
0.81
0.86
SBP at ? , mm ST 1
0.73
Oil
RPP at 1--min ST 1 0.78
0.79
Exercise Test
Exercise Variable First Second
Heart rate at rest (beats/min) 66 ± 9 65 ± 10
SBP at rest (min Hg) 124
± 17 126 ± 16
Maximal heart rate (beats/min) 123 ± 17
123 ± 15
MPHR achieved (%)
81 ± 13 81 ± 10
Maximal SBP (mm Hg) 161
± 29 159 ± 26
Maximal RPP/1,000 (mm Hg x beatsimin) 20 .0 ± 5 .3 19.8 ± 4 .9
Exercise duration (min) 10 .7 ± 4 .5 12 .0 ± 4.8*
Maximal ST t (mm) 1 .7 ± 0.7
1 .6 ± 0.6
Time to I-mm ST I (min) 7 .7 ± 4 .9 8 .8 ± 4.6t
Heart rate at 1-mm ST
I (beats/mitt)
110 ± 15 112 ± 15
SBP at 1-mm ST I (mm fig) 150 ± 26 153
± 23
RPP at 1-mm ST 111,000 (mm Hg x beats/ 16 .6 ± 13 17 .2 ± 4 .1
Exercise Variable First Second
Heart rate at rest (beats/min) 68 ± 12
65 ± 9
SBP at rest (mm Hg)
123 ± 17 129 :t 19
Maximal heart rate (beatstmin) 136 ± 15 133 ± 15
MPHR achieved (%) 88 ± 10 87 ± 11
Maximal SBP (mm Hg)
162 ± 24 163 ± 27
Maximal RPP/1,000 (mm Hg x beats/min)
22.0 ± 4.4 22 .0 ± 5 .2
Exercise duration (min) 7.2 ± 2 .3
7
.3 ± 2
.2
Maximal ST 1 (mm)
1 .8 ± 0
.6 1 .9 ± 0 .7
Time to 1-mm ST I (min)
4.5 ± 2.2 5 .1 ± 2 .5*
Heart rate at 1-mm ST I
117 ± 15 114 ± 14
SBP at 1-mm ST 1
153 ± 20
152 ± 21
RPP at 1-mm ST 1 /1,000 (mm Hg x beats/min)
17 .9 j 3
.9 17 .4 ± 3 .8
Exercise Variable Bruce
Davidson
Heart rate at rest (beats/min)
66 . 9 66±8
SBP at rest (mm Hg)
126 ± 16 125 ± 14
Maximal heart rate (beats/min)
135 ± 14 123 ± 15
MPHR achieved (%)
88±9 81±11
Maximal SBP (mm Hg)
162 ± 23
160 ± 27
Maximal RPP/1,000 (mm Hg x beats/min)
22 .0 ± 4 .5 19.9 ± 4 .8
Exercise duration (min)
7.3 ± 2 .1 11 .4 ± 4 .5
Maximal ST ,L (mm)
1,8 t 0 .6 1 .7!- 0 .6
Time to I -mm ST I (min)
4 .8 ± 2 .3 8.3 ± 4 .7
Heart rate at I-mm ST I (beats/min)
115 ± 14 112± 14
SBP at I -mm ST 1 (min Hg)
152 ± 19
151 t 23
RPP at 1-mm ST 1 /1,000 (mm Hg x beat5tmin)
17 .7 ± 3 .6 16.9 ± 4 .0
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Table ~, Summary of Results of 48-Hour Ambulatory
Electr( cardiographic Monitoring in 22 Patients
not detect protocol- or day sequence-related significant
differences in this variable (p = 0 .16) .
Ambulatory electrocardiographic monitoring results .
During 1,056 h of ambulatory ECG monitoring in 22 patients,
137 ischemic episodes were recorded . Table S summarizes
the ambulatory ECG monitoring results for the 22 patients .
The mean number of ischemic episodes was 6 .1 ± 4.5 (range
l to 19), and only 15% of these episodes were symptomatic .
Total ischemia duration was 21 to 257 min (mean 39 ± 57),
and the mean maximal ST segment depression observed was
16 ± 1 .3 mm .
The heart rate at 1-mm ST depression (ischemic thresh-
old) during ischemic episodes was quite variable (57 to
144 beats/min) and averaged 100 ± 12 beats/min per patient .
Ischemic threshold during ambulatory electrocardio-
graphic and during exercise . A comparison of the mean
heart rate at 1-mm ST segment depression during ambula-
tory ECO monitoring with that observed during each of the
two exercise protocols employed in 22 patients is depicted in
Figure 1. As can be seen, the mean ischemic threshold
during ambulatory ECG monitoring was significantly lower
(p < 0.001) than that observed during both the Bruce
protocol and the Davidson protocol exercise tests . The
difference between the mean ischemic threshold on the two
exercise protocols (3 beats/min) was significantly smaller
(p < 0 .01) than the difference between the mean ischemic
Figure 1 . Mean heart rate at 1-mm ST segment depression during 2
exercise protocols (Bruce and Davidson) and during ambulatory
electrocardiographic monitoring (AEM) . Vertical bars indicate t SD .
b = beats .
120
100
95
I
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NORMAUZED ISCHEMIC THRESHOLD ON AEI
Figure 2 . Frequency distribution of the mean heart rate at 1-mm
ST segment depression during ambulatory electrocardiographic
monitoring (AEM) normalized by patient to the heart rate at 1-mm
ST segment depression during a Davidson protocol exercise test .
EPISODES = number of ischemic episodes .
threshold on ambulatory ECG monitoring and that on each
of the exercise protocols employed (15 beatslmin for the
Bruce protocol and 12 beats/min for the Davidson protocol) .
To better describe the relation between the ischemic thresh-
old on ambulatory ECG monitoring to that during exercise,
the ischemic threshold during each ischemic episode on
ambulatory ECG monitoring was normalized to the corre-
sponding ischemic threshold on the Davidson exercise pro-
tocol in the same patient . The frequency distribution of this
normalized ambulatory ECG monitoring ischemic threshold
for the 137 ischemic episodes is depicted in Figure 2 . The
ischemic threshold during ambulatory ECG monitoring had a
mean value equivalent to 94 ± 13% of the ischemic threshold
on the Davidson protocol exercise test (range 58% to 133%) .
However, the frequency distribution of the normalized isch-
emic threshold was significantly (p < 0 .05) shifted to the left
of 100%: 1) 42 ischemic episodes (30%) had an ischemic
threshold that was 95% to 105% of the ischemic threshold
during the Davidson protocol exercise test (that is, a similar
threshold) ; 2) only 25 episodes (18%) had an ischemic
threshold >105% of the exercise ischemic threshold ; and
3) 70 episodes had an ischemic threshold that was <95% of
the exercise threshold . Despite this apparent shift to the left
of the frequency distribution, nearly half (48%) of the
ambulatory ischemic episodes occurred at an ischemic
threshold that was similar to or greater than the ischemic
threshold on the Davidson protocol exercise test .
Discussion
The main findings of this study indicate that the ischemic
threshold during exercise treadmill testing is independent of
the exercise protocol employed : the mean rate-pressure
product at 1-mm ST segment depression was not signifi-
cantly different on both protocols (17,700 ± 3,600 on the
Bruce and 16,900 ± 4,000 mm Hg X beats/min on the
Variable Range
Mean
SD
Ischemic episodes (n)
I to 19 6.1 ± 4 .5
Symptomatic episodes (%) 0 to 78
15 ± 23
Total ischemia duration (min)
2.5 to 257 39 t 57
Maximal ST depression (mm) I 1o6 2.6 ± 1 .3
Heart rate at 1-mm ST depression (beats/min)
Minimal 57 to 111 89 ± 14
Maximal 85 to 144
III ± 15
Mean 77 to 121
100 ± 12
T"Q Va 22, No 3
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Davidson protocol) even after adjustment ft .r the day se-
quence of the test and its interaction wit) the exercise
protocol employed . The mean heart rate at 1-mm ST seg-
ment depression was slightly higher on the Bruce than on the
Davidson exercise protocol (115 ± 14 vs . 112 ± 14 beats/
min, respectively), yet it was significantly higher during both
exercise protocols than during ambulatory ischemic epi-
sodes in the same patients (100 ± 12 beats/min) . Thus,
exercise-induced ischemia occurs at a relatively fixed thresh-
old that is mainly dcpcndcnt on myocardial oxygen demand
and is independent of the exercise protocol . However,
ischemia during ambulatory ECG monitoring occurs at a
much more variable threshold that is usually lower than that
observed during exercise in the same patient and therefore is
dependent on other factors in addition to myocardial oxygen
demand . Among these other factors, the most important one
is probably myocardial oxygen supply that can be modified
by changes in coronary tone .
Methodologic considerations . Training t, We carried
out two exercise tests according to each protocol to account
for the possible training effect that could take place during
short-term repeated exercise testing, and indeed a training
effect was appal ;ent on both protocols (Tables I and 2) . Total
exercise duration was significantly longer during the second
than during the first Davidson protocol test (12 ± 4 .8 vs .
10.7 ± 4.5 min), as well as the time to I-mm ST segment
depression (8 .8 ± 4 .6 vs . 7.7 ± 4 .9 min). Similar findings
regarding the time to 1-mm ST segment depression on the
two Bruce protocol tests were obtained . The exercise pro-
tocol effect on the ischemic threshold was adjusted for the
day sequence of the test in the two-factor repeated measures
analysis of variance . However, we have not completely
excluded a training effect because both of the Bruce exercise
tests were consistently performed I day after the Davidson
tests .
Frequency of electrocardiographic recordings during ex-
ercise .
To accurately determine the heart rate at 1-mm ST
segment depression during exercise, one must record fre-
quent ECGs especially when using an exercise protocol like
the Bruce protocol that results in relatively abrupt changes
in heart rate . We therefore, recorded a 12-lead ECG every
30 s, and in some instances we recorded a 3-lead ECG
in-between successive 12-lead recordings . Figure 3 depicts
the heart rate changes during exercise by the exercise
protocol employed in the present study . As can be seen, the
Bruce protocol resulted in much more prominent and abrupt
heart rate increments than did the Davidson protocol . Re-
peated measures analysis of variance using exercise protocol
and the da: ,' sequence of the test (nested within protocol) as
factors revealed highly significant p < 0 .001) protoc .')I-
related differences in heart rate changes during exercise after
adjustment for the day sequence effect. It is obvious that
when a
!serial
F CG recording ;s delayed beyond the point of
1-mm ST segment depression during the course of an exer-
cise test, the suosequent determination of the heart rate at
1-mm ST depression %1I be affected by a systematic error
toward a higher value. We believe that this might be the
principal reason for the slight but significan t difference we
found between the heart rate at l -mm ST depression during
the two exercise protocols used
. However, other reasons for
this difference cannot be excluded . The fixed sequence of the
two protocols (Bruce test performed I day after the David-
son test) could also explain the higher heart rate at 1-mm ST
depression on the Bruce protocol .
Concomitant use of anrianginal medications . To avoid
any surrogate effects that might be produced by the concom-
itant use of antianginal medications, in the present study no
antianginal medications were given to any patients during
the whole study period .
Ischemic threshold during exercise by exercise protocol .
Our results agree with previous studies that have found a
relatively fixed id,a ,_, mic threshold during repeated multipro-
tocol stress testing (19-24) . However, they contrast with
recent findings report-d by others (16-18) . Garber et al . (17)
studied 33 patients with known coronary artery disease by
the Bruce protocol and a submaximal steady state protocol .
Their results indicate that the ischemic threshold in terms of
the rate-pressure product at 1-mm ST segment depression
can be lower during a submaximal protocol than during the
Bruce protocol . Their patient group was similar to the
present study group with regard to the average ischemic
threshold during exercise . However, several methodologic
differences exist between the two studies . Garber et al . (17)
administered each treadmill protocol only once, 2 to 7 days
apart and not in a random order; in addition, they recorded
a 12-lead ECG only every 60 s and did not withdraw oral
antianginal medications for the study period . Panza et al.
(18) reported their experience with A7 patients with stable
coronary artery disease who had reproducible ischemia
during repeated exercise testing using the Bruce and the
National Institutes of Health (NIH) combined exercise pro-
tocols . They reported a significantly higher heart rate at
1-mm, ST segment depression during the Bruce than during
the NIH combined exercise protocol (126 ± 16 vs . 112 ± 9,
respectively, p < 0 .0001). However, a 12-lead ECG was
recorded only every 60 s during both exercise protocols even
though heart rate increments were significantly more prom-
inent during the Bruce than during the NIH combined
protocol (p < 0 .0001). In addition, each exercise protocol
was performed only once, and the period between the two
exercise tests varied between 3 to 30 days . Panza et al . (18)
also did not report the rate-pressure product at 1-mm ST
segment depression during the two exercise protocols used
in t°aeir study .
Ischemic threshold during exercise and during ambulatory
electrocardiographic monitoring
. Our results indicate that
the mean heart rate at I-mm ST segment depression during
ambulatory monitoring was significantly lower than that
6!,,;fved during the Bruce and the Davidson exercise pro-
tocols . In a previous study (15) of 60 patients with stable
coronary artery disease not receiving antianginal medica-
tians we demonstrated that the mean heart rate at 1-mm ST
675
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segment depression during ambulatory ischemic episodes
tao
was significantly lower than that observed during a Bruce
protocol exercise test . Other studies (28) have reported
similar findings, whereas Panza et at . (18) reported similar
findings for the Bruce but not for the NIH combined proto-
col. As mentioned previously, Panza et al . determined the
heart rate at 1-mm ST segment depression during exercise
according to relatively infrequent (every minute) ECGs . In
our study, frequent (every 30 s) ECG recordings during
exercise demonstrated that the heart rate at 1-mm ST
segment depression was significantly higher during both ate
exercise tests than during ambulatory monitoring . More-
over, after normalizing the heart rate at 1-mm ST segment
depression on ambulatory ECG monitoring to the heart rate
at 1-mm/ST segment depression un the Davidson protocol
for each ambulatory ischemic episode, the frequency distri-
bution of this normalized ischemic heart rate was signifi-
cantly shifted to the left of 100% (Fig . 2), This frequency
distribution better represents the variability/patient of the
ischemic threshold during ambulatory monitoring and the
fact that the ischemic threshold on ambulatory monitoring is
commonly lower than that on exercise .
L stations . Our study design included two treadmill test
pairs according to two exercise protocols, each performed 4
days apart within the same week . Because we wanted to
keep a constant period between each pair of tests, we had to
schedule the two exercise protocols alternately twice . Ac-
cording to this scheme, the Davidson protocol test was
scheduled for the 1st and 5th days, whereas the Bruce
protocol test was performed on the 2nd and 6th days of the
study . This procedure might have caused a greater training
effect in the Bruce protocol tests than in the Davidson
protocol tests .
Because our patient group included only patients with
64-70,
ischemia during both ambulatory monitoring and exercise, it
is possible that our results are applicable only to this selected
group of patients . However, because previous studies that
did not select their patients according to the presence of
ambulatory ischemia also found that the ischemic threshold
did not depend on the exercise protocol (19-24), our results
probably applicable to a larger patient group . Elects o
cardiograms were recorded in our study at a moderately high
frequency . However, because our results clearly demon-
strated that frequent electrocardiogram recordings are es-
9 .
sential for accurate determination of the ischemic threshold
(Fig
. 3), we recommend continuous electrocardiogram re-
cording during exercise for future studies of this sort . Such
studies might also consider using comparable leads and
monitoring equipment during stress testing and during am-
bulatory monitoring, as previously reported (26), C
. This study demonstrates that the ischemic
threshold during exercise is independent of the exercise
protocol used and therefore implies that exercise-induced
ischemia is mainly dependent on an increase in myocardial
oxygen demand in the setting of relatively fixed coronary
13 .
stenoses
. However, ambulatory ischemic episodes occur at
10.
11 .
12 .
Figure oxygens
8 .
monitori
I ;63:273-6.
1988 ;62:661-4
.
3. Heart rate changes versus exercise time during Davidson
(lower carve) and Bruce (upper curve) exercise protocols in 22
patients . Vertical bars indicate SEM . b beats ; R-2 2-min
recovery ; R-5 5-min recovery .
a more variable threshold that is commonly significantly
lower than the threshold observed during exercise . There-
fore, ischemic recorded by ambulatory monitoring probably
involves mechanisms in addition to increase in myocardial
demand
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